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Abstract

This paper examines the informational efficiency of crude oil spot and futures markets with respect to OPEC conference and U.S. Strategic Petroleum Reserve (SPR) announcements. We employ the event study methodology to examine the abnormal returns in crude oil spot and futures markets around OPEC conference and SPR announcement dates between 1983 and 2008. Our findings regarding OPEC announcements indicate an asymmetry in that only OPEC production cut announcements yield a statistically significant impact with the impact diminishing for longer maturities. We also find that the persistence of returns following OPEC production cut announcements creates substantial excess returns to investors who take long positions on the day following the end of OPEC conferences. In the case of SPR announcements, we find that the government’s use of this program initiates a short-run market reaction following the announcement date. However, our tests of abnormal returns suggest no statistically significant impact of these announcements on the oil market, putting doubt on the efficiency of the use of the reserves as a tool to stabilize the oil market.
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1. Introduction

This paper uses the event study methodology to study the impact of two oil-related events on crude oil market activity. The first type of event is OPEC announcements regarding production quotas. Here, we look at three types of OPEC announcements: increase, no change, and decrease in aggregate quotas. The second type of event is U.S. Strategic Petroleum Reserve (SPR) announcements on crude oil purchases (releases) from  (to) the market. In doing so, we contribute to the literature in several significant ways. First, we provide evidence from both spot and futures oil markets. Previous studies (summarized below) do not tend to cover both markets simultaneously. For the latter, we use up to 12-month maturities to examine whether these events affect more short- or long-end of the market. This is important for hedging and speculative strategies as informational efficiency of futures markets is shown to improve hedging performance. Second, unlike previous work, we perform sensitivity analysis by employing three different measures of abnormal (excess) returns estimated using the market model, the autoregressive conditional heteroskedaticity (ARCH) model, and the three-factor Fama-French model. Finally, we use a rich sample period running from1983 through 2008. This period covers important episodes in the crude oil market history and provides more robust results based on a larger number of events considered. 
There are limited event study applications examining the impact of OPEC decisions on oil market activity. Draper (1984) investigates the impact of OPEC announcements on different maturities in the heating oil market using weekly returns. The results indicate significant differences in pre- and post average weekly returns for regularly scheduled meetings. Our paper is different from this study as we employ different normal performance models to measure abnormal returns and examine the behavior of cumulative abnormal return paths in order to test for persistence in excess returns. In addition,we focus on daily returns and crude oil market, while Draper (1984) calculates weekly returns and focuses on heating oil market.
Deaves and Krinsky (1992) examine the reaction of oil futures (crude and heating oil) to OPEC meetings during the period 1970-1990. They classify OPEC meeting outcomes into two categories (bad and good news) based on the sign of the abnormal returns on the day following the announcement. Using the ARCH methodology to model normal performance, they find statistically and economically significant excess returns following conferences that were associated with good news. Our paper is different from this study, as we utilize three different models to estimate normal performance and look at both spot and future returns for different maturities.

In a more recent study on the effect of OPEC meetings on oil prices, Wirl and Kujundzic (2004) find a weak impact of OPEC announcements that is at best restricted to meetings that recommend price hikes. Guidi, Russel and Tarbert (2006) use the event study methodology to examine the effects of OPEC production increases and decreases on stock returns in the US and UK, as well as on oil prices. They look at periods of conflict (i.e., Iraq war) and peace during 1986-2004 and find that OPEC production “cut” decisions have a much bigher impact on spot oil prices than decisions to “increase”, indicating asymmetry. Our study is different from theirs in significant aspects. First, they focus on oil spot prices, while we also study futures prices. Second, they employ the market model in the event study, while we use different models to measure normal performance. In addition to “increases” or “decreases” in quotas, we also look at announcements of “no change in production quotas” as market participants may also react to “no news”. 
 In a more recent study, Hyndman (2008) examines the effect of OPEC quota announcements during 1986-2002 on crude oil spot and two month futures prices as well as the prices of oil company stocks. He finds positive and significant abnormal returns following meetings when OPEC reduces the aggregate quota. His findings also yield significant and negative abnormal returns following announcements that indicate no change in quota levels. However, his study considers only one model, without any specification of the model, to measure normal performance and his data period ends in 2002 missing the recent bubble and crash in crude oil prices.
Another important aspect of our study is the inclusion of the events regarding U.S. SPR announcements.  The SPR Program was established in 1977 following the oil embargo of 1973 in order to prevent the negative effects of a major petroleum supply interruption on economic activity by having sufficient petroleum reserves. The proponents of the program argue that the use of the reserves in case of significant negative oil shocks may act as an effective tool to stabilize the oil market in the U.S. and other parts of the world.  However, others have argued that such stockpiling of oil by governments to deal with short term restrictions on supply imposed by both OPEC or non-OPEC nations may not be effective  (e.g., Taylor and Van Doren, 2005) or that existing stocks are insufficient to significantly influence prices (Considine, 2006). By examining the impact of SPR announcements on both spot and future oil prices, we try to shed some light on this important current energy policy debate: Is the SPR Program an effective tool to stabilize the market?
 2. Data and Event Descriptions
We examine daily spot and futures prices for light sweet crude oil over the period March 1983 through June 2008. We concentrate on crude oil contracts traded in the U.S. as the SPR program was established with the goal of stabilizing the oil market in the U.S. Spot prices are measured by cash prices with the anticipation that cash prices will better reflect actual transactions. In order to examine the information content of OPEC and SPR announcements for different time horizons, we also compiled daily NYMEX light sweet crude oil futures settlement prices for a number of maturities into the future. More specifically, we examine the nearest contract as well as the third and twelfth closest contracts covering a range of maturities spanning up to one year into the future. Futures return series are constructed with contract rollover occurring about one week before maturity in most cases.
Table 1 presents several summary statistics for daily spot as well as futures returns for the different maturities mentioned earlier. As expected, we observe the highest volatility in the spot market with lower return volatility values as we move towards longer maturities. The highest volatility observed in the spot market is due to the fact that these prices reflect transactions for immediate delivery of the underlying asset and tend to be more sensitive to supply and demand changes in the market. This can also be seen in the extreme values observed in these return series with daily spot returns ranging between a lowest value of -40.2% and a highest value of 19.86%. High correlation values observed between spot and futures return series indicate the common risk factors underlying the oil market.
In this study, we explore the information content of OPEC announcements as well as SPR announcements. For this purpose, we examined meeting summaries from the Official Resolutions and Press Releases published by the OPEC Secretariat and compiled a list of official announcements on production decisions. OPEC meets twice a year on prescheduled dates for ‘ordinary’ conferences but they also call for ‘extraordinary’ conferences with short notice.
 The ministerial meetings are held occasionally to resolve operational and monitoring problems in the organization; and sometimes they decide to change production levels. In our analysis, each official press release is considered an event. Having compiled a list of events, we then classified each OPEC announcement in terms of a production cut, hike and no change in production levels. As will be explained in the methodology section, several announcements had to be omitted from the analysis due to the specifics of the event study methodology. Overall, as reported in Table 2, a total of 63 OPEC meetings have been examined, of which 17 resulted in a production hike, 21 in a production cut, and 25 in no change in production levels. Similarly, U.S. government’s announcements on the use of Strategic Petroleum Reserves are compiled from the Energy Information Administration’s website.
 During the period studied, 15 SPR related announcements have been made, of which 11 were announcements on the release of crude oil from the reserves to the market (SPR decrease) and 4 were on the purchase of crude oil from the market at market prices (SPR increase). Crude oil releases from the SPR have been either in the form of a sale or a loan to the market (mostly refineries) where purchases have been either in the form of a direct purchase from the market or payment by oil companies in return for federal leases. Whatever the form of oil transfer may be, an SPR decrease announcement indicates additional oil supply to the market and an SPR increase announcement indicates additional purchase from the market. It is in fact a source of heated discussions among policy makers whether it is in the best interest of consumers and taxpayers when the government purchases large quantities of oil from the market only to create upward pressure in prices. Furthermore, such action makes little sense when the government purchases oil at the already high market prices when it should actually be selling in order to benefit taxpayers. Therefore, it is an interesting question both from a research as well as policy making standpoint whether SPR actions have created the desired market reaction without hurting consumers by artificially inflating market prices.
3. Methodology
Event study methodology is a widely used analytical tool that has been applied to a wide range of corporate events in the empirical finance literature. The goal is to assess the information content of an event such as a merger or an earnings announcement by examining the behavior of abnormal or excess returns earned on the underlying security around a recurrent relevant event. A large body of literature has been devoted to the application of this methodology to a number of firm specific and economy wide events including stock splits, mergers and acquisitions, earnings announcements, international listings, issues of new securities, and announcements of macro-economics variables. A discussion of this methodology can be found in Brown and Warner (1980, 1985), Peterson (1989), Thompson (1995), MacKinlay (1997), and Binder (1998). Although the methodology has been widely applied to corporate events, its application to non-corporate events has been limited. As mentioned earlier, Draper(1984) examined the behavior of heating oil futures prices around known events (scheduled OPEC meetings) and unknown events (special meetings) and found that the market showed a slow adjustment to information or a possible misestimate of the informational impact. In another study, Deaves and Krinsky (1992) used the event study methodology to examine the behavior of crude and heating oil futures prices around OPEC conferences and tested whether the market reacted to these announcements as prescribed by the efficient market hypothesis. Their analysis of oil prices during the 1980s suggest that if investors took long positions in oil futures on the day following the end of the conferences associated with good news, they were able to generate substantial positive returns. These excess returns were found to be too high to be explained by transaction costs or risk adjustments. We extend the analysis in these studies by investigating the events during 1990s and 2000s as well. 
3.1. Oil Spot and Futures Excess (Abnormal) Returns 

In this study, we use the event study methodology to assess the information content of both OPEC and SPR announcements using a longer sample period (1983-2008), including more recent data and a wider range of futures contracts covering a number of maturities. We also perform separate tests using three different models to measure normal performance. At the heart of an event study is the estimation of excess or abnormal returns defined as the difference between the actual ex post return of the underlying asset minus the normal return defined as
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where Rct is the log return on crude oil on day t and E(Rct) is the normal return in the vicinity of event c. In our study, each OPEC conference or SPR press release is considered as one event. So, the subscript c indicates the particular OPEC conference announcement or the SPR announcement that applies to the event period over which abnormal returns are calculated. A total of 78 events have been compiled (see Table 2). As mentioned earlier, we perform separate tests in order to examine the behavior of spot returns and three futures return series, F1, F3, and F12 representing the nearby, third closest and twelfth closest contracts, respectively. The normal return is defined as the expected return in non event periods without conditioning on the event taking place. Different models have been proposed in the literature to estimate normal performance. In this study, we use three separate models to measure normal performance during non event periods:
1. The Market Model: The market model takes the form of standard CAPM with the commodity index being used to proxy the return on the market. Similar to Draper (1984), we estimate the market model as 
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where Rmt is the return on the Dow Jones AIG Commodity Index on day t. Dow Jones AIG commodity index is a highly liquid and diversified benchmark for the commodities market consisting of nineteen physical commodities and is used in the model as a proxy for the commodities market performance. Assuming the error term, 
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, has an expected value of zero, the error term is in fact the abnormal return at t in event time in the vicinity of event c denoted as
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2. The ARCH Model: Similar to Deaves and Krinsky (1992), an ARCH model that takes into account time varying volatility of oil returns is estimated as
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where the variance of the error term is defined as
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with the model estimated up to seven lags, i.e. q=7. This model provides a second estimate for the abnormal return at t in event time in the vicinity of event c denoted as 


[image: image7.wmf]ct

ct

e

AR

=

2

.

3. The Fama-French Model: The third model we use to measure normal performance is based on the multi-factor model suggested by Fama and French (1993). They suggest a three factor model utilizing the size (SMB), book to market ratio (HML) and the risk premium on the market portfolio as determinants of asset returns. The return model takes the form
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Based on this model, we get a third estimate for abnormal returns denoted as
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3.2. Model Estimation and Hypothesis Testing
Assuming t=0 is the event date, the model for normal performance is estimated over the estimation period -80 days to -21 days covering about two months prior to the event. Once the parameters for the normal performance models are estimated and announcements (or events) categorized (see Table 2), abnormal returns are then calculated using equation 1 over the twenty business days prior to and subsequent to the end of each event (announcement), i.e. -20 days to +20 days. Using a window of 20 days surrounding the event allows us to capture possible information leakages prior to the event as well as post announcements reactions. In some cases, due to the proximity of conferences (in particular, in the case of extraordinary meetings), several announcements had to be dropped in order to prevent the event from influencing the normal performance model parameter estimates. Once daily abnormal returns are calculated, average daily abnormal returns are then calculated as 
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where n is the number of events for which observations exist for a given type of event. The average abnormal returns are finally used to calculate cumulative average abnormal returns as the sum of average abnormal returns for day -20 to the specified day T using the following formula
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In order to see whether the market reacted efficiently to these announcements, we test the significance of cumulative average abnormal returns following the announcement date. More specifically, we test for possible persistence in the CAR paths following the announcement, i.e., the null hypothesis H0: CART-CAR1 = 0 for selected T values including 5, 10, 15 and 20 days subsequent to the end of the event. Deaves and Krinsky (1992) suggest that under the null hypothesis of market efficiency, the expected return can be formulated as 




[image: image12.wmf]ú

û

ù

ê

ë

é

=

ú

û

ù

ê

ë

é

=

-

å

å

å

=

=

=

T

t

t

T

t

n

c

ct

T

AR

E

n

AR

E

CAR

CAR

E

2

2

1

1

/

)

(

 


(4)
Assuming the error terms (i.e. the abnormal returns) are i.i.d. with an expected return of zero and constant variance of (2, the variance term is then formulated as 
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4. Empirical Findings
4.1. OPEC Announcements
The paths of the cumulative abnormal returns for each of the three OPEC announcement categories are illustrated in Figures 1, 2, and 3 plotting the CAR’s from the market model, the ARCH model and the Fama-French model, respectively. Within each OPEC announcement category, separate plots are reported for spot and the three futures return series representing different maturities. First, it is apparent that the largest reaction to the announcement is observed in the case of spot and shorter maturity futures contracts. Consistent across the three different normal return models used to estimate abnormal returns, we find larger absolute abnormal returns for spot and shorter maturity futures contracts. Second, a visual inspection suggests that OPEC production increase announcements seem to have no significant effect on the paths of cumulative abnormal returns. However, consisntent with Guidi, Russel and Tarbert (2006) and Hyndman (2008), we find a significant reaction to OPEC production cut announcements with significantly positive cumulative abnormal returns following the announcement. Furthermore, there seems to exist a degree of persistence in CAR paths following the announcement of a production cut. We observe increasingly positive CAR values during the post announcement period beyond t=1. One explanation for this observation might be that the market shows an incomplete reaction to the announcement leading to further price adjustments during post announcement period.
Interestingly, the market seems to react to OPEC’s announcements on maintaining the status-quo, i.e. no change in aggregate production. For all the normal performance models utilized, we observe gradually decreasing CARs following the announcement, suggesting downward price adjustments after OPEC announces no changes in production quotas. In short, the market seems to be surprised with production cut announcements as well as status-quo announcements, but not by production hike announcements. Hyndman (2008) explains this finding by suggesting that OPEC members find it easier to agree during good times, i.e. when OPEC always increases production quotas. So, during good times, the market fully anticipates an announcement of a production hike leading to no significant abnormal returns following the event, as we find in our sample. However, during bad times, the market is not sure about what the outcome will be: Will OPEC cut production or maintain the status-quo? Therefore, we find that the market reacts to these two types of announcements leading to abnormal returns. If OPEC announces a production cut, the surprise leads to an upward adjustment in prices, as we observe. However, if they maintain the status-quo, the market takes this inaction as a failure to agree on a production cut and therefore adjusts prices downward, as we find in our study.  
Another observation is that, with the exception of abnormal returns estimated using the market model (Figure 1), the information content of the final release seems to be anticipated by the market, more apparently in the case of production cut and no change announcements. As can be seen in Figures 2 and 3, CARs prior to production cut announcements seem to gradually increase until the announcement date (t=0) suggesting some anticipation of the outcome by the market.This is not surprising as information leakages are very common, even before the conference begins.
After this visual inspection of CAR paths, we formally test whether the market reacts efficiently to these announcements. For this purpose, we test the significance of the difference between cumulative average residuals for the day following the announcement and those at a future date during the post event period. Table 3 reports the test results for the null hypothesis H0: CART-CAR1 = 0 for selected T values including 5, 10, 15 and 20 days subsequent to the announcement. Under the null of market efficiency, one would expect this difference to have an expected value of zero as the market’s reaction to the announcement would be completed at t=1. Therefore, a significant value for (CART-CAR1) would indicate an incomplete reaction to the announcement which leads to persistence in abnormal returns during the post event period. Consistent with our visual inspection of Figures 1-3, we find no evidence to reject the null hypothesis of efficiency in the case of OPEC production increase announcements. However, in the case of production cut announcements, we find significant positive returns during the post event period indicating incomplete reaction of investors to the announcement. Consider the case of T=20 where the market has about three weeks to digest the information. Regardless of the normal performance model used to estimate abnormal returns, all CARs are found to be statistically significant and positive. Positive returns estimated take on values as high as 7.82%, 7.34%, 7.60%, 4.60% for the spot market, nearest, third-closest, and twelfth-closest futures contract, respectively. Considering the fact that these returns (CAR20-CAR1) are approximately one month returns, they amount to annual returns of as high as 90% for the spot market and 55% for the longest maturity futures market. Clearly, these profit opportunities are not only statistically significant but also economically significant. As a result, transaction costs cannot explain this abnormal performance as futures markets (in particular energy futures) have evolved to be one of the most liquid markets. Similarly, one can suggest greater return volatility during the event period to explain the abnormal performance. However, in a study of implied volatilities from options on crude oil futures surrounding OPEC meetings, Horan, Peterson, and Mahar (2004) find that highly visible bi-annual conferences are associated with a drop, not increase, in volatility. Furthermore, the most pronounced decline in volatility coincides with the meetings of the Ministerial Monitoring Committee, which makes production recommendations to the larger conference. Therefore, none of these two arguments can be used to explain this abnormal performance.
In Table 5, we report the average daily return an investor would realize during the 19 day post-announcement period, i.e. event day 2 through event day 20, if he took a long position in a particular oil market the day following an OPEC production cut announcement. To do this, we first calculate the average return during the 19 day post announcement period following announcement c by taking the average of actual returns between event day 2 and event day 20. Then, we take the average of these returns across announcements using the formula, 
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 where Rf is the daily risk free rate. So for example, if an investor took a long position in the nearest futures contract (F1) the day following an OPEC production cut announcement, the average daily return over the next 19 days until the end of the event window would be 0.163% with a standard deviation of 0.493% yielding a risk adjusted return of 0.221. We also report in the table the same statistics for the S&P 500 and AIG Commodity Indexes for comparison purposes. Clearly, the strategy of taking a long position in crude oil following a production cut announcement yields a superior reward to risk tradeoff with diminishing profitability for longer maturity contracts, but still at least twice as high as the closest benchmark in the worst case. Even when transaction costs are taken into account, our results clearly indicate that a strategy of shorting the market (or the commodity index) and taking a long position in crude oil following a production cut announcement will yield superior performance.
Regarding OPEC announcements to maintain current production levels, i.e. no change, we find some evidence of return persistence, but only on the downside. However, the statistical tests do not lead to consistent results across the three different normal return models used. In short, consistent with Guidi, Russel and Tarbert (2006) and Hyndman (2008), we find a significant market reaction to production cut announcements with substantial abnormal returns during the post announcement period.
4.2. Strategic Petroleum Reserve (SPR) Announcements
Figures 4-6 illustrate CAR paths around SPR announcements. Once again, each SPR press release is considered one event and each event is classified into two categories: SPR increase (when oil is purchased from the market) and SPR decrease (when oil is released to the market). With the exception of the Fama-French model based abnormal returns (in Figure 6), we find that the market reacts to these announcements with downward (upward) price adjustments after SPR drawdown (purchase) announcements. Visual inspection of CAR paths in Figures 4 and 5 suggests that the government’s use of this program initiates a short-run market reaction lasting for about a week following the announcement date. Interestingly, the Fama-French model based abnormal returns yield different results compared to the market and ARCH models. One reason for this might be a possible missing risk factor in the Fama-French model which reflects commodity price risk. However, statistical tests of cumulative abnormal return differences reported in Table 4, do not yield consistently significant differences for (CART-CAR1) across the three different normal performance models used, suggesting no statistically significant impact of these announcements on the oil market.
5. Conclusions
This paper uses the event study methodology to study the effects of OPEC conferences and U.S. Strategic Petroleum Reserve announcements on the crude oil market activity in the U.S. We examine a total of 63 OPEC press releases and 15 SPR announcements over the period 1983-2008 and test whether the market reaction to these announcements conforms to the efficient market hypothesis. The study has several contributions. First, we provide evidence from both spot and futures markets in order to examine whether these events affect more short or long end of the crude oil market. Second, we perform separate tests by using three different measures of abnormal (excess) returns estimated using the market model, the ARCH model, and the three-factor Fama-French model. Third, we  include in our analysis the events regarding the Department of Energy’s SPR announcements. The SPR Program was established to prevent the negative effects of a major petroleum supply interruption on economic activity by having sufficient petroleum reserves. Therefore, this study sheds a light on the impact of the government’s use of the reserves on oil market activity.
Our tests of cumulative abnormal returns suggest no significant reaction to OPEC production increase announcements regardless of the normal peformance model used in the analysis. However, in the case of production cut announcements, we find significant positive returns during the post event period indicating incomplete reaction of investors to the announcement. The degree of return persistence following OPEC production cut announcements creates substantial excess returns to investors who take long positions on the day following the end of OPEC conferences. We find that these excess returns can amount to annual returns of as high as 90% in the spot market and 55% in the longest maturity futures market. Furthermore, our findings indicate that a strategy of shorting the market (or the commodity index) and taking a long position in crude oil following a production cut announcement yields superior risk adjusted performance when compared to the performance of S&P 500 index and the Dow Jones Commodity index. Similarly, in the case of OPEC announcements that maintain the aggregate production quota, we find some evidence of return persistence, however, on the downside.
In the case of SPR announcements, we find that the government’s use of this program initiates a short-run market reaction lasting for about a week following the announcement date. However, tests of cumulative abnormal return differences suggest no statistically significant impact of these announcements on the oil market, suggesting that the SPR Program may not be an effective tool to stabilize the oil market.
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Table 1: Descriptive Statistics
	
	Sample Period (March 30, 1983 – June 1, 2008)

N = 6303

	 
	Spot
	Future1
	Future3
	Future12

	Mean
	0.022%
	0.044%
	0.041%
	0.051%

	Std. Dev.
	2.376%
	2.056%
	1.788%
	1.389%

	Maximum
	-40.204%
	-38.407%
	-28.427%
	-12.948%

	Minimum
	19.861%
	12.353%
	11.256%
	7.976%

	Skewness
	-1.014
	-1.260
	-0.850
	-0.424

	Kurtosis
	19.375
	23.261
	13.643
	4.501

	ρs,f
	
	0.850
	0.813
	0.729


Note: ρs,f is the correlation coefficient between spot and futures return series.
Table 2: OPEC and SPR Announcements.

	
	Announcements

	OPEC production hike
	17

	OPEC production cut
	21

	OPEC no change
	25

	Total OPEC
	63

	SPR decrease (Release to the market)
	11

	SPR increase (Purchase from the market)
	4

	Total SPR
	15


Note: Each OPEC conference or SPR press release is considered one event. ‘SPR decrease’ indicates announcements on the release of crude oil to the market from the Strategic Petroleum Reserves. ‘SPR increase’ indicates announcements on crude oil purchases to build SPR inventories.
Table 3: CAR Differences (%) and Absolute t-Statistics (OPEC Announcements).

	Event Day of CAR Increment Relative to CAR for t=1
	Spot Returns
	Nearest Contract, F1
	Third-closest Contract, F3
	Twelfth-closest Contract, F12

	 
	CAR1
	CAR2
	CAR3
	CAR1
	CAR2
	CAR3
	CAR1
	CAR2
	CAR3
	CAR1
	CAR2
	CAR3

	OPEC Increase
	
	
	
	
	
	
	
	
	
	
	
	

	5
	0.42%
	0.16%
	-0.17%
	0.23%
	-0.30%
	0.00%
	0.29%
	-0.30%
	0.27%
	0.48%
	-0.22%
	-0.048%

	
	(0.40)
	(0.12)
	(0.13)
	(0.23)
	(0.26)
	(0.00)
	(0.31)
	(0.28)
	(0.23)
	(0.57)
	(0.24)
	(0.05)

	10
	0.40%
	0.82%
	-0.18%
	-0.23%
	-0.50%
	-0.76%
	0.18%
	-0.95%
	-0.96%
	0.84%
	-0.65%
	-0.739%

	
	(0.25)
	(0.42)
	(0.09)
	(0.15)
	(0.29)
	(0.41)
	(0.20)
	(0.19)
	(0.16)
	(0.38)
	(0.16)
	(0.03)

	15
	0.20%
	1.89%
	-0.21%
	-0.52%
	1.21%
	0.00%
	-0.28%
	0.50%
	-0.52%
	0.15%
	-0.02%
	-0.561%

	
	(0.10)
	(0.77)
	(0.08)
	(0.12)
	(0.23)
	(0.33)
	(0.16)
	(0.15)
	(0.12)
	(0.30)
	(0.13)
	(0.03)

	20
	-1.18%
	0.66%
	-0.73%
	-1.39%
	0.65%
	-0.03%
	-0.94%
	-0.07%
	-0.61%
	-0.06%
	-0.84%
	-1.18%

	
	(0.51)
	(0.23)
	(0.25)
	(0.10)
	(0.20)
	(0.28)
	(0.14)
	(0.13)
	(0.11)
	(0.26)
	(0.11)
	(0.02)

	OPEC Decrease
	
	
	
	
	
	
	
	
	
	
	
	

	5
	2.06%
	3.06%
	1.56%
	1.45%
	2.68%
	1.40%
	1.17%
	2.49%
	1.46%
	0.70%
	2.09%
	1.32%

	
	(1.74)
	(2.33)
	(1.12)
	(1.87)
	(2.36)
	(1.24)
	(1.79)
	(2.68)
	(1.58)
	(1.26)
	(2.63)
	(2.10)

	10
	1.83%
	3.71%
	1.15%
	1.47%
	2.93%
	0.53%
	1.34%
	2.94%
	1.37%
	0.51%
	2.01%
	1.42%

	
	(1.03)
	(1.89)
	(0.55)
	(1.26)
	(1.72)
	(0.31)
	(1.38)
	(2.11)
	(0.98)
	(0.62)
	(1.68)
	(1.51)

	15
	3.77%
	7.79%
	3.57%
	3.01%
	6.57%
	2.03%
	3.24%
	6.61%
	3.47%
	2.04%
	4.35%
	3.28%

	
	(1.71)
	(3.18)
	(1.37)
	(2.07)
	(3.10)
	(0.96)
	(2.66)
	(3.80)
	(1.99)
	(1.96)
	(2.91)
	(2.79)

	20
	3.41%
	7.82%
	2.13%
	2.90%
	7.34%
	1.50%
	3.08%
	7.60%
	3.57%
	1.61%
	4.60%
	2.80%

	
	(1.32)
	(2.74)
	(0.70)
	(1.71)
	(2.97)
	(0.61)
	(2.17)
	(3.75)
	(1.76)
	(1.33)
	(2.65)
	(2.04)

	OPEC No Change
	
	
	
	
	
	
	
	
	
	
	
	

	5
	-0.76%
	-0.59%
	-0.53%
	-1.53%
	-1.22%
	-1.31%
	-1.43%
	-1.09%
	-1.23%
	-1.01%
	-0.79%
	-1.01%

	
	(1.01)
	(0.67)
	(0.52)
	(2.11)
	(1.26)
	(1.15)
	(2.32)
	(1.37)
	(1.30)
	(2.15)
	(1.17)
	(1.39)

	10
	-1.55%
	-2.37%
	-2.48%
	-2.10%
	-2.43%
	-2.63%
	-2.24%
	-2.33%
	-2.58%
	-1.57%
	-1.82%
	-2.11%

	
	(1.38)
	(1.81)
	(1.62)
	(1.93)
	(1.68)
	(1.53)
	(2.42)
	(1.95)
	(1.82)
	(2.22)
	(1.80)
	(1.93)

	15
	-2.15%
	-2.13%
	-3.09%
	-2.15%
	-1.68%
	-2.52%
	-2.34%
	-1.72%
	-2.52%
	-1.38%
	-0.86%
	-1.69%

	
	(1.53)
	(1.30)
	(1.62)
	(1.58)
	(0.93)
	(1.18)
	(2.03)
	(1.15)
	(1.43)
	(1.56)
	(0.68)
	(1.24)

	20
	-2.95%
	-2.53%
	-4.27%
	-3.10%
	-2.15%
	-3.78%
	-3.15%
	-2.17%
	-3.64%
	-1.53%
	-1.02%
	-2.19%

	
	(1.80)
	(1.33)
	(1.92)
	(1.96)
	(1.02)
	(1.52)
	(2.35)
	(1.25)
	(1.77)
	(1.49)
	(0.70)
	(1.39)


Note: The significance of the difference between cumulative abnormal returns for event day T and event day 1 (for T=5, 10, 15, and 20) are tested (the null hypothesis, H0: CART(CAR1 =0 ). CAR1, CAR2, and CAR3 represent the abnormal returns obtained using the market model, ARCH model and the Fama-French model, respectively. Absolute t-statistics are in brackets.
Table 4: CAR Differences (%) and Absolute t-Statistics (SPR Announcements).

	Event Day of CAR Increment Relative to CAR for t=1
	Spot Returns
	Nearest Contract, F1
	Third-closest Contract, F3
	Twelfth-closest Contract, F12

	 
	CAR1
	CAR2
	CAR3
	CAR1
	CAR2
	CAR3
	CAR1
	CAR2
	CAR3
	CAR1
	CAR2
	CAR3

	SPR Increase
	
	
	
	
	
	
	
	
	
	
	
	

	5
	0.53%
	0.40%
	0.78%
	0.69%
	0.85%
	1.02%
	0.15%
	0.45%
	0.49%
	0.29%
	0.59%
	0.40%

	
	(0.31)
	(0.14)
	(0.28)
	(0.45)
	(0.36)
	(0.44)
	(0.11)
	(0.22)
	(0.24)
	(0.28)
	(0.38)
	(0.26)

	10
	-0.18%
	0.48%
	-0.54%
	0.29%
	1.09%
	0.50%
	-0.15%
	0.79%
	0.05%
	0.26%
	1.08%
	0.79%

	
	(0.07)
	(0.11)
	(0.13)
	(0.13)
	(0.31)
	(0.14)
	(0.07)
	(0.25)
	(0.02)
	(0.17)
	(0.46)
	(0.35)

	15
	-1.11%
	1.52%
	0.85%
	0.03%
	2.95%
	2.90%
	-0.19%
	2.63%
	2.28%
	-0.09%
	2.23%
	2.59%

	
	(0.34)
	(0.28)
	(0.16)
	(0.01)
	(0.67)
	(0.66)
	(0.07)
	(0.67)
	(0.60)
	(0.05)
	(0.76)
	(0.91)

	20
	-1.72%
	0.80%
	-1.03%
	-0.73%
	1.97%
	1.89%
	-0.36%
	2.35%
	2.04%
	0.10%
	2.45%
	3.43%

	
	(0.45)
	(0.13)
	(0.17)
	(0.22)
	(0.38)
	(0.37)
	(0.12)
	(0.51)
	(0.46)
	(0.04)
	(0.72)
	(1.04)

	SPR Decrease
	
	
	
	
	
	
	
	
	
	
	
	

	5
	-1.57%
	3.20%
	4.79%
	-1.81%
	1.16%
	3.40%
	-1.32%
	0.30%
	2.28%
	-0.70%
	0.11%
	0.86%

	
	(1.06)
	(0.85)
	(1.35)
	(1.42)
	(0.31)
	(0.96)
	(1.28)
	(0.11)
	(0.91)
	(0.86)
	(0.06)
	(0.53)

	10
	-0.87%
	1.37%
	5.63%
	-1.32%
	1.91%
	7.42%
	-0.86%
	1.11%
	6.03%
	-0.22%
	1.23%
	3.18%

	
	(0.39)
	(0.24)
	(1.05)
	(0.69)
	(0.34)
	(1.39)
	(0.55)
	(0.28)
	(1.60)
	(0.18)
	(0.49)
	(1.31)

	15
	2.65%
	4.42%
	11.26%
	-0.16%
	3.37%
	11.48%
	-0.41%
	1.85%
	8.73%
	-1.05%
	1.20%
	3.74%

	
	(0.96)
	(0.62)
	(1.69)
	(0.07)
	(0.48)
	(1.72)
	(0.21)
	(0.37)
	(1.86)
	(0.69)
	(0.38)
	(1.24)

	20
	0.80%
	1.71%
	10.02%
	-0.68%
	2.57%
	12.18%
	-1.38%
	0.75%
	8.90%
	-2.02%
	0.39%
	3.35%

	 
	(0.25)
	(0.21)
	(1.29)
	(0.25)
	(0.31)
	(1.57)
	(0.61)
	(0.13)
	(1.63)
	(1.14)
	(0.11)
	(0.95)


Note: The significance of the difference between cumulative abnormal returns for day T and day 1 (for T=5, 10, 15, and 20) are tested (the null hypothesis, H0: CART(CAR1 =0). CAR1, CAR2, and CAR3 represent the abnormal returns obtained using the market model, ARCH model and the Fama-French model, respectively. Absolute t-statistics are in brackets.
Table 5: Post Announcement Period Returns Following OPEC Price Cuts
	
	Average  Return
	Standard Deviation
	Sharpe Ratio

	Spot
	0.162%
	0.460%
	0.211

	Nearest Contract, F1
	0.163%
	0.493%
	0.221

	Third-closest Contract, F3
	0.126%
	0.452%
	0.190

	Twelfth-closest Contract, F12
	0.102%
	0.337%
	0.185

	S&P 500
	0.020%
	0.166%
	0.015

	AIG Commodity Index
	0.032%
	0.172%
	0.105


Note: Average returns are calculated using actual daily returns during the 19-day post announcement period (event day 2 to event day 20) averaged across announcements. For example, if an investor took a long position in the nearest futures contract (F1) the day following an OPEC production cut announcement, his average daily return over the next 19 days until the end of the event window would be 0.163% with a standard deviation of 0.493%. The Sharpe Ratio is calculated by averaging the daily risk premiums. The numbers for S&P500 index and the AIG Commodity index are provided for comparison purposes.

Figure 1. Cumulative abnormal returns for OPEC announcements from event day -20 to event day 20. The abnormal return is calculated using the market model as the normal return measure.
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Figure 2. Cumulative abnormal returns for OPEC announcements from event day -20 to event day 20. The abnormal return is calculated using the ARCH model as the normal return measure.
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Figure 3. Cumulative abnormal returns for OPEC announcements from event day -20 to event day 20. The abnormal return is calculated using the Fama-French model as the normal return measure.
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Figure 4. Cumulative abnormal returns for SPR announcements from event day -20 to event day 20. The abnormal return is calculated using the market model as the normal return measure.
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 Figure 5. Cumulative abnormal returns for SPR announcements from event day -20 to event day 20. The abnormal return is calculated using the ARCH model as the normal return measure.
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Figure 6. Cumulative abnormal returns for SPR announcements from event day -20 to event day 20. The abnormal return is calculated using the Fama-French model as the normal return measure.
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� The number of unscheduled events is very small in our sample. We therefore do not distinguish between scheduled and unscheduled events in this paper. 
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